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Excellent Balance of Ultimate Tensile Strength and Ductility in a Ti-6A1-2Sn-4Zr-2Mo-Si Alloy Having Duplex a+o’

Microstructure: Effect of Microstructural Factors from Experimental Study and Machine Learning

Irvin Séchepéel’*z, Paul Paulain!?2, Yuka Nagasakj"*z, Riku Tanaka'-*2, Hiroaki Matsumoto’*3 and Vincent Velay3
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3 Université de Toulouse, CNRS Mines Albi, INSA, ISAE, ICA (Institut Clément Ader), Albi Cedex 09, France

This research focuses on the systematic study of a Ti-6A1-2Sn-4Zr-2Mo-Si titanium alloy and the characterization of a+p (equiaxed and
bimodal) and a+o’ (duplex) microstructures. It provides more insights on the outstanding advantages of the duplex (a+a/) microstructure,
especially on its exceptional work hardening and strength-ductility balance. The heat treatment conditions required to form equiaxed, bimodal
and duplex microstructures and their effects on the grain size and the phase proportion are discussed. It shows how the microstructural
parameters can be controlled thanks to the heat treatment temperatures, the holding times and possible aging processes. The influence of such
microstructural factors on the tensile properties of each alloy is investigated, especially on strength (proof stress, ultimate tensile strength),
ductility (plastic elongation) and work hardening properties. The duplex (a+a’) microstructure is compared with the equiaxed and bimodal
microstructures and its advantages are displayed, highlighting the better strength-ductility balance and superior work hardening properties of the
duplex microstructure. Indeed, the deformed microstructure of the duplex (a+a’) microstructure reveals more homogeneous strain partitioning
than that of the bimodal (a+B) microstructure. Thus, this work proved the potential of an optimized duplex (a+a’) microstructure for the
enhanced tensile properties at room temperature. Finally, a machine learning model using gradient boosting regression trees is used to quantify
the importance of the microstructural factors (type of microstructure, grain size and phase ratio) on the mechanical properties.
[doi:10.2320/jinstmet.JC202410]
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Fig. 1 Heat treatment processes for (a) equiaxed (a+B) and bimodal (a+p), and (b) duplex (a+a) microstructures.
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Fig. 2 SEM micrographs of the (a) equiaxed (a+f) microstructure
and (b) bimodal ((x+ﬁ) microstructure. Herein, heat treatment
conditions are also depicted (d stands for grain size, AC for air
cooling and Q, for oil cooling).
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Fig. 3 SEM micrographs of the duplex (a+o/) microstructure. (a)
980C-15min-STQ (Solution treated and quenched), (b) 950T-
15min-STQ, (c) 900T-15min-STQ, (d) 880C-15min-STQ. And
(b-2) bright field TEM image on the 950C -15 min-STQ sample.
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